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(54) IVIetal Hydride/Metal Matrix 
Compacts 

(57) A mixture of a finely divided metal 
hydride and a suitable finely divided 
metal, contacted with a poison which 
prevents the metal hydride from 



dehydriding at room temperature and 
atmospheric pressure, is then 
compacted under pressure at room 
temperature to form porous metallic- 
matrix hydride compacts which can be 
repeatedly hydrided and dehydrided 
without disintegration. 
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Compacts 

This invention relates to a metiiiod for 

fe'^rated'h^jS^^^ cycling whhout 

''iTuriSion of hydrogen, an Ideal 

Mm* on fuel as an alternative to fosse! fuels 

iuagesSd as a working fluid in a closed sys em 
. **?!in« thermal energy from low grade heat 
^ coS? tS prov deT^^^^^^^^ residential space 

Sna HydTcien is also being considered for 

requires a safe and effective means for the 
>«i storage of the hydrogen. 

use of metal hydrides produced in a 

revS^a-ble chemical reaction pmvldss an excellent 

SS. However, the heamnsf er m^anism Is 
35 Sn>aiorconcemfbrtheeffectiveutll.zationof 

*"lJ,yfeTon!y metal hydrides In the fomi of 
ooISer have been considered for hydrogen 

and hydrides as powders have a very low 
40 SeSJ^nductivhy. The poor he^^^^ 
«i«ahilitia6 of a powder metal hydnde bed. 
S?^^ isr<»"Sderablerestrictlononthe 
SS^randconstwctionofhydridestoiage 
• The metal hydride pov/de« are g^araHy 

syswnw. I makes k necessary to 
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S^J'^paricYe^Tz^whlchmak 
CsS filter? to prevent the particles fiom trave Ing 
whh STgas stream. Furthemiore. the repeated 
^^Sna causes the fine particle size to become 
2^fn f^Sefrlduced. causing fi^^r «)nfle«tlon 
Tnd """.casing the pressure drop J';^"9^ut the 
hvdride bed. In most of these appncotlona the 
!St wnSr rate controls the hydrogen flow, so 
*a"t a hydrogenftew «te req"J«; aljh 
heat transfer rate. Thus complicated Wgh^rface- 
area heat exchangers must be used If fast cycfing 

S'Ss have been made to improve the he« 
trawfcr capabUhies of the metal hydnde beds. For 
Se?the hydrides have been placedin 
Sr* made of a highly porous metal. 

rhrrntainers of the porous metal to prevent loss 
XSrSen-^herJm 



65 hydrides have been tried but none have proven to 
be totally successful. 

Hydrides compacted Into porous solids 
supported by a thin metal matrix which does not 
absort) hydrogen have also bean suggested. 
70 Furthermore. It has been calculated that these 
porous metal hydrides would show greatly 
Improved thermal conductivity and difhjsivity. The 
preparation of such porous metal hydrides has 
been tried using materials such as aluminum, 
75 nickel and copper as the binding metal matrix, by 
such methods as liquld-phasa sintering, solid- 
state sintering or high-pressure compaction at 
room temperature. As h has turned out however, 
norw of these methods were able to produce a 
80 compact that was sufficiently strong to withstand 
the stresses arising from volume Increases 
resulting from the formation of the metal 
hydrides. While absort>lng hydrogen, each hydnde 
particle imposes a compressive stress on its 
nearest neighbor hydride particles, which stress 
builds up to very high levels at a distance of a few 
coordination spheres. The binding material is not 
able to withstand these stresses and compactt 
made in this manner begin to disintegrate within 
one or two hydriding-dehydridlng cycles, 
powdering the hydride and losing whatever heat 
transfer capabnities that had been available In the 
porous compact 

A method has been developed for preparing 
porous metallic-matrix hydride compacte wWch 
are capable of being hydrided and dehydrided a 
number of times without the metal wmpact 

disintegrating, h has been discovered that a metal 
hydride which has been poisoned » prevent 
100 dehydriding. can then be compacted with a matnx 
metal at tow temperatures to form a P«w» 
metallic-matrix compact which can be cycled 
many times without dlsintegratioa By the method 
of tiw Invention, a mixture Is formed of a finely 
105 divided metal-hydride and a finely dhrtded matrix 
metal The mbcture is contacted witit a p<*on 
which reacts with tiw hydride to prevent h from 
dehydriding at room temperature and 
atmosphereic pressure. The mixture ^matrix 
1 10 metal and poisoned metal hydride Is then 
compressed at room temperature at a Pre«u™ 
sufficient for tfie matrix metal to flow plasHcally to 
bind the metal hydride togstiier forming the 
poioos metallic-matrix hydride compact 
115 AltemativelY.tiie powdered metal hydridecen 

be poisoned before being mixed with the matrtx 
metal to form the mixture which is then 
compressed toformtiie compact 

It is therefore one object of the Invention to 
1 20 provide a method for preparing porous metamc- 
matrtc hydrkle compacts. 

h is tiie other object of the Invention to provide 
a metiiod for preparing porous metainc-matrtit 
hydride compacts which can withstand hydrtding 
125 and dehydriding many times whhout 

disintegrating. . ^.^^^ 

These and tiier objects of tiie invention may 
be met by preparing a mbrture of a finely dlvWed 




tx«=0.01 to 1 .5) or Fell and about 7 to 30 weight 
percent finely divided matrix m tal, such as 
aluminum, nickel or copper, the size of the matrix 
metal being from about 1 to 250 /xm, 
5 comminuting the mixture to thoroughly disperse 
the powders and to pulverise the hydrldable metal 
into a fine powder from about 0.1 to about 20 
micron In size, contacting the comminuted 
mixture with hydrogen to fully hydride the 

1 0 hydrJdeble metal In the mixture to the metal 
hydrWe, contacting the mixture with a hydride 
poison such as SO, or CO so that the metal 
hydride will not dehydrlde at room temperature 
and atmospheric pressure, compressing the 

15 hydrided and poisoned mixture at room 

temperature and at a pressure of at least 1 0* psia, 
to form a compacted metallic-matrix hydride, and 
heating the compacted metal hydride to drive off 
the poison, thereby forming a compacted porous 

20 metallic-matrix hydride. 

. Alternatively, the finely divided metal hydride 
can bs contacted with the hydride poison before it 
is mixed with the powdered matrix metal to form 
the mbcture and compacted. Care must be taken 

25 while mixing the finely divided powders not to 
heat the mixture to over about 90*C to prevent 
driving the poison from the metal hydrides. 

The method of this Invention is suitable for use 
with any of the metal hydrides but partlculariy 

30 suitable for those metal hydrides of the type AB, 
such as LaNi,, and variations such as LaNI^^, 
where x=0.01 to 1 .5, type AB,, such as ZrFe,, 
ZriUIn, or the FeTI compounds. 

The matrix metal may be any metal which 

35 inert which will plastically deform at a relatively 
low pressure, which has good heat transfer 
characteristics and which is capable of acting as a 
binder for the metal hydride particles. Suitable 
matrix metals are aluminum, nickel and copper. 

40 The amount of matrix metal In the compact 
should be kept to a minimum In order to keep the 
hydrogen capacity as high as posstola Preferably 
It may range from about 7 to about 30 weight 
percent of the total compact The size of the 

45 matrix metal powder Is not critical, but should be 
relathrely small such as from about 1 to 250 /im 
in order to maintain some porosity of the 
completed compact The matrix should also be 
maintained generally oxide-free In order to aid 

50 compaction. 

The poisoned hydride or hydridable metal and 
matrix metal shouM be thoroughly dispersed in 
each other to form a good mixture. If necessary 
the mbcture may be comminuted by any 

55 appropriate means, such as by ball milling which 
will provide a good mixture of both materials and 
which will also act to reduce the hydridable metal 
t a very fine powder, preferably no larger than 
about 20 microns and down to as small as about 

60 0.1 micron. It may be desirable to wet the powder 
' with alcohol to prevent oxidation of the hydride If 
It is exposed to the ambient atmosphere. 

The finely divided hydridable metal or mixture 
of hydridable metal and matrix metal may be 

65 hydrided by contact with hydrogen gas at a 
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pressure sufficient to fully hydride the hydridable 
metal. Generally a pressure from about 100 to 
about 500 psi has been found satisfactory to 
accomplish this, although higher hydrogen 

70 pressures may be necessary to accomplish this. It 
is important that the hydridable metal be fully 
hydrided in order that the metal be fully expanded 
when compacted In order to.prevent the compact 
formed from this metal from later disintegrating 

75 due to volume expansion of the hydrklable metal. 
The hydrided metal may be contacted by any 
suitable hydride poison such as SO, or CO to 
prevent the metal hydride from dehydriding at 
room temperature and at atmospheric pressure. 

80 G enera lly a gas pressure of about 30 to 1 20 psi 
for 1 to 5 minutes has proven satisfactory to 
adequately poison the metal hydride. 

The poisoned metal hydride and matrix metal 
mixture may then be compressed by any suhaBle 

85 compacting means at room temperature and at a 
sufficient pressure for the matrix metal to flow 
plastically to bind die metal hydride particles 
together to form a compact Generally pressures 
of about 360 kpsi have been found satisfactory, 

90 although pressures on up to 1 0^ psi would be 
preferred In order to prevent the compact from 
later dislntegratlrig due to internal pressures of 
hydrogen. 

Once the compact has been formed it can be 
95 activated by heating It to a temperature of about 
1 0O^C In order to<dehydrkle the metal and drive 
off tlie poison. One advantage of the method of 
this invention is that once the poison has been 
removed, the compact Is active and does not 
1 00 require reacthradon as do compacts prepared by 
other methods. 

Example I 

About 1 1 g of finely dhfided LaNI, powder 
about 1 to 20 ;im in size was mixed whh 20 

1 05 weight percent fine aluminum powder^ 44 /tm In 
she or smaller. The mixture was comminuted In a 
ball mill for about 10 hours until intimately mixed. 
The mbcture was removed from the ball mlll« 
placed in a reactor and contained with hydrogen 

110 at 1 00 psi for about 5 minutes until the LaNi| was 
completely hydrided. CO at 33 psi was then 
admitted to the reactor for 3 one-minute 
exposures to poison the hydride. The poisoned 
powdered mixture was then compacted udng a 

116 small amount of alcohol as a lubricant at 300 kpsi 
and at room temperature to form compacts about 
0.375' diameter and 1/4 to 1/2' in height The 
' compacts were heated to about 100^0 to drive 
off the poison and the remaining hydrogen. The 

120 compacts were then placed Into a glass reactor 
which was evacuated and hydrogen admitted at 
about 200 psL The pellets rapidly absorbed 
hydrogen up to LaNIgH^. The pellets were cycled 
(repeatedly loaded and evacuated) up to 9 times 

125 without any visible spallingoccurlng. 

Example II 

Rne latii^ hydride powder ab ut 1 — ^20 /im 
was obtained by absorbing and desorblno of 
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hydrogen wHhin a stainless steel reactor The 
Mrlde was left In the fully absorbed state 
(LaNi.H >6) and then poisoned by admi tinfl SO, 
at 34Vsrpressure for 5 minutes, at most, after ttie 
s Sxcess hydrogen was left out of the reactor The 
^ Sned powder was wetted by alcohol wh.ch 
was adrnitted to the reactor, the wet hydride 
powder taken out of the^ajorand mixed 
(in alcohol) by means of a ball mill with 26% 
,0 welgS percent aluminum powder screened 

nSfpSfflled powder was c 

temperature. The alcohol servea as « «*^37b« 
1 5 the compaction of the powder. Pellets of^^^J^ 
' diamete^and 1/4-1/2" height were produced 

Se peSets were put Into a o'ass reactor and 

To II 4 times before any visible spalling occurred. 
'X'S I2.3O g LaNi.fine P?wder from 1-20 

a Sor and contacted with hydrogen at about 
1 00 psi for 5 minutes until the UNi6 was 
Completely hydrided. The hydnded mixtu^ was 
then contacted with SO, for 3 one-minu e 

'exposures to poison the hydride^A g^^^^^^^^^^ 
poisoned mixture was then compacted at about 

35 360 kpsi to form compacted pellets. 

Thus It can be seen from the preceding 
discussion and Examples that the Invention 
provides a method for prepannfl Parous ^^^^^^ 
matrix hydride compacts which can be hydrided 

40 and dehydrided many times without destroying 
the compact 

Claims . ^^^iiu 

1 . A method for preparing a porous metallic- 
matrix hydride compact comprising: 



45 forming a mixture of a finely divided metal 
hydride and a finely divided maubc metal; 

contacting the mixture with a hydride poison to 
prevent the hydride from dehydrating at room 
temperature and atmospheric pressure; and 

50 compressing the mbcture of matrix metal and 
poisoned metal hydride at room temperature 
and at a pressure sufficient for the matrix metal to 
flow plastically to bind the metal hydride together, 
forming a porous metallk>maUix hydride 

55 compact. 

2. The method of claim 1 wherein the mixture 
is formed by mixing a finely divided hydridable 
metal and a finely divided matrix metal, and 
Including the additional step of: 

60 contacting the mbcture with hydrogen under 
sufficient pressure to fully hydride the hydridable 
metal to form a mixture of a metal hydride and a 
matrix metal. 

3. The method of claim 2 wherein the mixture 
65 contains from about 7 to about 30 weight percent 

of matrix metal, and the matrix metal Is selected 
from the group consisting of aluminum, nickel and 
copper. 

4. The method of claim 3 wherein the 
70 hydridable metal selected from the group 

consisting of the LaNI,, LaNIg^^I, |x=0.01 to 1 .5) 
and FeTl. 

5. The method of claim 4 wherein the metal 
hydride Is poisoned by contact with a gas selected 

76 from the group consisting of SOt and CO. 

6. The method of claim 1 wherein the mixture 
is formed of a finely divided poisoned metal 
hydride and contains from about 7 to about 30 
weight percent of matrix metal selected from the 

80 group consisting Of aluminum, nickel and copper. 

7. The method of claim 6 wherein the poisoned 
metal hydride Is selected from the group 
consisting of LaNI,, LaNI^I^ (x«0.01 to 1 .5) 
and FeTt. 

8. The method of dalm 7 wherein the metal 



85 



O. I 110 tliWMivrw - 

hydride Is poisoned by contact with a gas salactad 
from the group cortslsting of SO, or CO. 
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